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©Percutaneous stent and method for retrieval thereof 



r(an) M0 \ formed of stainless 
© A self-expanding stent (10) to rrn ion 
iee. wire arranged in a cosed « zag «ng^ 
includes an endless sen. of * «gM s . g 
joined at their ends by bandM^- 
compressible into a reduced d«nw»r J 
ton into and remova. from , . body passage , 
bends_oL at least one end of the .stent a 

^SJ?2)J£1 conneCt '°" s t nt o permU single- 
enaToTTl^iaTir construe ted sten to perm 9 

SteP intf ry C T " EX a monofiiament 
passageway. A stem • eves at one 

•To.':: srr:ra/~^, 

£ 2 "=e and .hroua* soma - ~ 1- • 



free ends ol the meat. stent , s re . 

s,en.. Tha d ame a- * one '"d 
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PERCUTANEOUS STENT AND METHOD FOR RETRIEVAL THEREOF 



• routes to stents and a method 
This invent,on relates to ^ ^ Qf 

tor retrieving stents after '^rto fe(ates {Q 

a > atient ? Slhe Gia -co Expandable V*re 
modifications to tne 

Stent ■ hlo in various situations to provide 

lt 1S desirable in vanou i n 

me ans tor expand.ng * 
or 'or - ai "^ ,n s g uc a ; s ^ uat ions arise, for example. 

^^^^^ 

or stop flow through the urew . 

h V Dr. Cesare 

A Percutaneous stent de e OP ^ ^ 

Gianturco is formed of a more {ully 

ranged in a ^^'SSeB. The Gian- 
described in U.S. Patent ^ ^ ^ „ 

turco stent, or the Z stem a ^ an 

compressed into a red-ed ^ ^Jj^ its 
outer diameter wh.ch .s The stent is 

outer diameter in ar > - P-f ^ ^ans of a sheath 
positioned m a yaos-*---, . ssed re- 

sile the stent is ^^^Z^ catheter 
duced size shape. _P , pu*«r orfl *• ^ ^ ^ 
is uS ed through the sheat w _ s with . 

p,ace in the passageway wMj • {he 
'drawn, thereby to hold the 

passageway into its exP* z . stent 
passageway open and enlarged^ an 
P-vides a self-expand.ng ^ ^ Qf ^ 
open passageway. Within a body passageway. 
well-Known Z-^^^^.^^Hvera. Z-stents 
F1G . 2 use of ^ 

along a limited, length of a body p . n 
iUustrated arrangement, two sten s js 
an overtapping arrangement. wh,te a th ^ 

disposed slightly «o^*^Z Z above -re- 
stents. As discussed rnore ju ly ^ ^ ^ 

wire Z-stent. it has been discovered th^ o 
a Z-stent may continue to expand to .tsm 

diameter even ^ ^^"ZL** 

a passageway that haa a 

smaller than the -aximum outer c me* ^ 

exp anded sten^ Thus, the n esu.^ 

some cases that the stem nassaae way. m an 



optimal desired diameter. expa ndable 

Further detcnptoon olth* >m references: 
wire Z-stent is found .n the to^ng ^ ^ 

, 0 -Modified Gianturco Expandable ^ 
perimental and Cl.n.cal > Q7 v0 , 3vNo . 
Porto Cervo. Sardinia. May 25-29. 

2 ' 1988 • „f Gianturco Expandable Wire 
••Modifications of Qiamu 85 _, 187> M ay 

r.. Rarrv T. Uchida. AJR 1SU.no 

M.D.. RSNA. l987^o.ume ^ 2 ^ 

. ment of V^^Syn 

l987 Th ere remains, ^-p, 
cutaneous stent that « > » W«J £ * on . ^re 
30 retrieved after a P"^*^ stent tnat includes 
is also need for a .P*^^, along a greater 
several stent sector* for .nsert o y 

le ngth of a body P assa ? eW s aY of t e n pr L There 
mitted by expandable stems 

of combination 

35 is also a need for a stem w jre 
with multiple stent .^'J^op^ton.. 
multiple catheterizat.ons for .nsert.on 
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Summary of the Inyemion 



One embodiment of ^ 
lne present invention mcludes a ^.re 

Used zig-zag 

45 . series of ^^"^w^ch can be used 
o, the bends .s formed an eye self . 

f ° r e Tl^X , ^S "a s k irt stent of 
expanding stent or tor self . expan d,ng 
, 1Ke construction. A num ^ ^ 

" stents can be com ; ne^ = 

eyes. Each of the stents g body 

int0 a first smal er sh pe o .^^^ sheath . 
passageway, such as tn ™"9 t he stents are 

Once within the body P assa ^ second shape 
resiliency expandable .nto a larger 
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• ,ka straioht sections press against the 

Whefe ": .rnisaaeway to maintain it open, 
walls of the passageway i . Ives a 

mother ""f^g^ configuration 
seif-expanding sten o ed zig ^ 

h3Vi : 9 Tent A ^ mononiament thread is passed 
of the stent. A mo ^ q{ ^ stent . 

thr0U gh each 36Q . |oop and 

° nC8 lin 9 eJ thro g' -me of the eye, The 
then aga.n 180 ir . o a Uament leave the 

trailing free ends of the mo ^ 
stent at opposite side of J» ^ ^ 
extend through an ,nt oduce ^ ^ ^ ^ 

CstenUn the can als0 be 

The free ends of the mono 

over ft. ■ : nUline , ube 

.educed diameter port,o of the e t ^ 
collapse the remaining length o f the 

expanding stent inai y ;n - prtion into a body 
several interred stents for 'J^^, „ t0 
passageway. Another o f the 
provide a meth od I to remo 0ther 
stent situated withn a body p ^ « can 

objects rt^^XSSL description 
be discerned from the ouow 8 draw _ 
of the invention along with the accompany y 

ings. 
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Brief Description d to Drawings 



passageway with a sen exy* 

m e prior art situated therein. ^ 

body passageway. preferred 
FIG. 3 is a side elevational view oi 

o f F,G - 3 - , .-^^i «ipw of another 

FIG 5 is a side elevational v.ew o 

embodiment of the V^*™™ of ano ther 
FIG. 6 is a side elevational view oi 



I^en. o. ft. P-esen. *•*»• *-» « 

Sn£lT!E5»- vie- o, fte M, 
FIG. 1 0A is a showing one step of a 

FIG 10B is a view similar to no i 

^ s up o. » «*- j showi „ 9 I 

cir mr is a vew similar to no. iuu « 
present invention. 
r^crfp^oltoPre^ 

now be made will be uS ed to 

drawmgs will nevertheless be under- 

descnbe the same, n inv(jn _ 
stood that no limitation f ^ and fur- 

Son is thereby device, and 

ther modifications m the '^ a ^ q{ the 

such further .j^^^^l^^ 
rwt,d rorS-urone Sk i.,d m.ea rt to 

in9S ' rrpCS^SS. the percuta- 
Tous 0 stench is 

stainless steel wire ormed jn do sed ^ g « 

sleeve 12 *nicn p rn riuce a continu- 

aga ,nst the ends of the wire to Produce a 
0 9 us or endless configure .on. 7 * <^ 
is arranged in a numbe of s-d > oy 
sections 13. Adjacents straight sections J 

,nVenti Kl ,S 'n U S ^ Paten^No 4,580.568. which de- 
descnbed in U.S. Patent n e . In 

SCfiP T Ihfsoe^ *• invention 

P Tn U Jrthe w'e -hich is of stainless steel 
includes the wire ..^ mater The cusps 14, 

having a 0.018 inch outer *^^ h ^tlons 
that is the joint between more 
13. generally circumscribes a radius o 
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k,w fiR inch As thus configured. 

re ,ative.y much s™ e r j to permit insertion of 
rr^U Passat by use of a 

Cath ron 0 en h 0 veT aspect of the present invention, 
the usps 14 of he s'tent are formed into a number 
o, eyes 20. In the preferred embodiment, the eyes 
SfSnfed-rn the continuous wire U and the 
fntersecUon between adjacent straight secfons 13 
TZ cusps 14 are soldered or welded together to 
- J I closed loop for the eyes 20. In one 
embod ment'of the invention, the eyes 
Sve a dimeter of approximately three t,mes the 
wire diameter, or about .054 .nch. 

,n another embodiment of the -nventjon. m 
tiole stents are combined as shown ,n FIGS. 5 and 
a n tL embodiment of FIG. 5. two 
stents 10' and 10 are connected or attached at the 
eye 20 9 and 20" at the ends of each of the stents. 
Each of the stents 10' and 10 are generally iden- 
to the stent 10 just described^ In o«^ng 
the union between the two stents 10 and _1C I the 
first stent 10' is formed from a s.ngle length of 
anless steel wire ll\ The length of wire 11 .a 
into the zig-zag and eye configuration £ 
hough the cusps 14 are not immed.ately sowereo. 
The free ends of the length of wire 11 are ,o.ned 
by way of the sleeve 12'. Once the first stent 10 
has been formed, the second stent 10 .s formed 
from a second length 11 of stainless steel w.re. 
The second length ,i' formed into the z,g-zag 
and eye configuration so that the eyes 20 formed 
at one end of the stent are interlocked w.th the 
eves 20' of the first stent 10 . Once the second 
stent 10" is complete.-, sleeve 12 .s used to 
connect the ends of the length of w,re 11 and the 
cusps 14 and 14" can then be joined or soldered^ 
A similar method of construction can be used 
to interconnect a stent 10 . which is idenfca. tc > the 
stent 10 described above, with a s.ngle start stent 
16 ' as shown in FIG. 6. In this, particular embod.- 
men,the single skirt stent 16 *™™\*™* 
number of eyes defined at the free end of the start 
The free end of the skirt 16 may be formed ,nto 
tne configuration of hooks to prevent rn.grat.on of 
the stent and skirt combination once the combina- 
tion is placed within the body passageway. It .s 
understood that in the embodiments of FIGS. 5 and 
6 the eyes at one end of one stent or skirt may be 
connected to a stent having only bends or cusps at 
its connecting end. in a manner similar to he 
connection between skirt 16 and a similar skirt 16 

shown in FIG. 6. 

In another embodiment of the present inven- 
tion a stent 30 is formed from a length of w.re 31 
into a zig-zag configuration identical to the stent 10 
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shown in FIG. 3. A number of eyes 35 are formed 
aueast at one end of the stent 30. AjSffl*^ 
oreferably a monofilament of b.o-compat.ble ma 
STE P«- through successive eyes around 
the circumference of the expanded stent 30. The 
thread 40 is passed through the eyes 35 by f.rst 
pacing one end 40a through each successive eye 
£ H retaining the other end 40b outs.de and 
apart from the stent 30. The f.rst end 40a of he 
thread 40 is threaded once through each of the 
eyes 35 in a 360* loop and then 180 further 
through successive eyes, or about 540 around he 
circumference of the stent, so that some , of the 
eyes 35 will have two passes of the ^thr ad ^0 
therethrough. Thus, as shown .n FIG^A he two 
free ends 40a and 40b of the thread 40 a e seated 
at 1 80 'opposite eyes 35 of the stent 30^ The 
read 40 can then be used to collapse j one .end o 
the self-expanding wire stent by pullmg both free 
ends 40a and 40b of the thread 40. When the free 
ends 40a and 40b are pulled simultaneously the 
d ametr of the thread 40. and therefore the d-am- 
e r of one end of the stent 30. is decreased. 
A tnative.y. the thread 40 can be used to ,.m, the 
expanded diameter of the stent by ty.n the free 
ends 40a and 40b directly adjacent the stent. 
J 'n using the percutaneous stent of the presen 
invention, an insertion technique s.m.lar to that de 
crfced in the Gianturco '568 patent is employee. 
" shown in FIG. 8. A self-expanding stent 
includes a number of eyes 55 at each end of the 
stent 50 and is identica. in all respects to the stent 
30 shown in FIG. 7A. The ^^J^ 
passes through the eyes 55 at one end of the sten 
50 in the method of insert.on. the stent .s com 
passed to its reduced diameter and disposed w.th- 
Ta sheath 60. as shown in FIG. 8. The free ends 
56a and 56b of the filament 56 extend outside the 
l!h 60 anterior to the patients £dj Mor 
access after the stent has been .nserted For exam 
when the stent is used as a prostat.c stent, the 
ment 56 has a length of 30 to 40 cm ^measu.d 
from the stent 50 to each of the free . ends 56a and 
56b. so that the free ends may extend down from 
the prostate gland to the end of the urethra. When 
e e stent 50 fs used as a vascular stent the Mength 
o, the filament 56 may be cons.derab y shorter 
. provided the ends 56a and 56b are s. ua ed outs.de 
the puncture site and are suff-cently long to be 
anchored onto the skin nearby. 

in the preferred embodiment, the free ends 56a 
and 56b of the filament 56 are tied together so that 
they can be easily controlled and ma.nta.nea. 
When the stent 50 is compressed within the sheath 
W a pusher 61 is used to hold the stent 50 ,n 
postton when the body passageway wh.le the 
Sath 60 is withdrawn. The pusher 61 , may have a 
channel 62 within which the monof.lament 56 can 
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be disposed to prevent any pinching or tugging of 
the filament while the sheath 60 is being removed. 
Once the sheath is removed, the pusher 61 can 
also be removed so that the stent 50 remains in 
oosition within the body passageway as shown in 
FIG 9 The monofilament 56 trails the stent and 
passes outside the body as described above. 

In certain medical operations, the stent 50 
need only be positioned temporarily within the 
body passageway. Thus, in another method of the 
present invention, illustrated with reference to 
FIGS 1 0A-10C. the stent 50 is retrieved from the 
body passageway and removed. In the method of 
this embodiment, a tube 70 is threaded over the 
free ends of the monofilament 56 and inserted into 
the body passageway along the monofilament 56 
until it is adjacent the implanted stent 50. as shown 
in FIG 10A. Once the tube 70 is positioned directly 
adjacent the stent 50. the free ends of the mon- 
ofilament 56 can be pulled through the tube 70. 
thereby compressing or contracting one end of the 
stent 50 to a reduced diameter, as shown in FIG. 
10B With the end of. the stent 50 thus com- 
oressed. a sheath 75 dan be introduced into the 
body passageway over the tube 70, as shown .n 
FIG 10C The sheath 75 has an inner diameter 
larger than the reduced diameter of the end of the 
stent 50. The sheath 75 is continually conveyed 
into the body passageway over the tube 70 until it 
contacts and compresses the remaining length of 
the self-expanding stent 50. Once the sheath 75 
completely covers or shrouds the stent 50. that is 
when the stent 50 is disposed entirely within the 
sheath 75. the entire assembly can be removed 
from the body passageway. In the preferred em- 
bodiment of the present method, the tube 70 and 
sheath 75 are composed of medical grade plastic, 
such as an 8-polyethylene tubing. 

While the invention has been illustrated and 
described in detail in the drawings and foregoing 
description, the same is to be considered as illus- 
trative and not restrictive in character, it being 
understood that only the preferred embodiments 
have been shown and described and that all 
changes and modifications that come within the 
spirit of the invention are desired to be protected. 




Claims 

1 A stent assembly comprising: 
a first wire formed into a closed zig-zag configura- 
tion including; 

an endless series of straight sections having op- 
posite ends, said straight sections being joined by 
bends at said opposite ends to form a stent; 
a set of eyes formed at several of said bends at 
one of said opposite ends: and 



• * 

a thread passing through successive ones of said 
set of eyes, said thread including a pair of free 
ends trailing from said stent; 
wherein said stent is resiliently contractable into a 
5 smaller first shape for conveyance through a body 
passageway; and 

wherein said stent is resiliently expandable into a 
second shape in which the straight sections press 
against the walls of the body passageway. 

,o 2 The stent assembly of claim 1 . wherein: 

said second shape of said stent includes a circum- 
ference at said one of said opposite ends, said set 
of eyes being situated at said circumference; and 
said thread passes through successive eyes at 

is least 360* around said circumference. 

3 The stent assembly of claim 2. wherein said 
thread passes through successive eyes approxi- 
mately 540' around said circumference. 

4 The stent assembly of claim 1. wherein said free 
20 ends are sufficiently long to extend outs.de the 

body passageway when said stent is situated within 
the passageway. 

5. The stent assembly of claim 1. further compns- 

2S ^second wire formed into a closed zig-zag con- 
figuration including; 

a second endless series of straight sections hav.ng 
opposite ends, said straight sections being. joined 
by bends at said opposite ends to form a second 

30 stent; , . . 

a second set of eyes formed at several of said 

bends at one of said opposite ends; 
wherein said second stent is resiliently contractable 
into a smaller first shape for conveyance through a 
as body passageway; 

wherein said second stent is resiliently expandable 
into a second shape in which the straight sections 
press against the walls of the body passageway; 

40 wherein said second set of eyes of said second 
wire are engaged about said first wire at one of 
said opposite ends. 

6 The stent assembly of claim 5. wherein: 
said first wire includes a third set of eyes formed at 
J5 several bends at the other of said opposite ends of 
said first wire: and 

said second set of eyes of said second w.re are 
interengaged with said third set of eyes. 
• 7 A method for combining a first and second self- 
go expanding stent to form a stent assembly for inser- 
tion into a body passageway comprising the steps 

tormina a first stent from a continuous first length 
of wire formed into a closed zig-zag configuration 
55 having an endless series of straight sections joined 
at their ends by a plurality of bends; 
forming a second stent from a continuous second 
lenath of wire formed into a closed -zig-zag conf.gu- 
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ration having an endless series of stra.ght sections 
joined at their ends by a plurality of bends, the 
bends at one end defining eyes open at the 
straight sections of the second stent: 
engaging the eyes at the one end of the second 
stent about bends at one end of the first stent: and 
closing the eyes at the one end of the second 
stent. 

8 The method of claim 7 wherein: 
the «tep of forming the first stent includes form.ng 
eyes at the one end of the first stent, the eyes 
open at the straight sections of the first stent; and 
the step of engaging the eyes at one end of the 
second stent includes interlocking the eyes of the 
second stent with the eyes of the first stent and 
closing the eyes at the one end of the first stent. 

9 A method for retrieving a stent disposed within a 
body passageway, the stent including a resilient 
wire formed in a closed zig-zag configuration hav- 
ing a set of eyes formed at one end of the stent, 
with a thread passing through successive eyes of 
the stent and having two free ends trailing from the 
stent outside the body passageway, the stent hav- 
ing a first compressed shape and a second ex- 
panded shape in which the resilient wire contacts 
the wall of the body passageway, comprising the 
steps of: 

pulling the free ends of the thread through the tube 
to reduce the diameter of the one end of the stent 
while maintaining the position of the stent within 
the body passageway; 

reducing the diameter of the remainder of the stent 
sufficient to permit travel of the stent through the 
body passageway; 

retracting the compressed stent through the pas- 
sageway. 

10. The method for retrieving a stent of claim 9. 
wherein said step of pulling the free ends further 
includes the steps of: 

threading a tube over the trailing free ends of the 
thread, the tube having an inner diameter smaller 
than the diameter of the first compressed shape of 
the stent; 

introducing the tube into the body passageway and 
conveying the tube to a position adjacent the stent: 
pulling the free ends of the thread through the tube 
to reduce the diameter of the one end of the stent. 

11. The method for retrieving a stent of claim 10, 
wherein said step of reducing the diameter of the 
remainder of the stent further includes the steps of: 
introducing a sheath concentrically disposed over 
the tube into the body passageway; 

conveying the sheath over the tube through the 
body passageway and over the reduced diameter 
end of the stent: 

further conveying the sheath over the remainder of 
the stent to compress the remainder of the sheath 
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and withdraw the stent from contact with the wall of 
the body passageway. 

12 The method for retrieving a stent of claim 9. 
wherein said step of reducing the diameter of the 
remainder of the stent further includes the steps of: 
threading a sheath over the trailing free ends of the 
thread, the sheath having an inner diameter larger 
than the diameter of the first compressed shape of 
the stent but smaller than the diameter of the 
second expanded shape of the stent: 
introducing the sheath into the body passageway 
and conveying the sheath through the body pas- 
sageway and over the reduced diameter end of the 

stent; . , . 

further conveying the sheath over the remainder of 
the stent to compress the remainder of the sheath 
and withdraw the stent from contact with the wall of 
the body passageway. 
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